Cotton (Gossypium hirsutum) fiber, an extremely elongated and thickened single cell 8 of the seed epidermis, is the world's most important natural and economical textile fiber. Unlike 9
Main Text: 1 Seed dispersal is sometimes split into autochory (when dispersal is attained using the 2 plant's own means) and allochory (when obtained through external means). Wind dispersal 3 (anemochory) is one of the autochories and more primitive means of dispersal and plant seeds 4 have a feathery tissue attached to their seeds and can be dispersed long distances. Primitively, 5 plants distributed the seeds majorly through autochory; as animals emerge and human activity, 6 some plants lost their ability to produce seed secondary tissues helpful for dispersal and some 7 plants gained the production for specific seeds tissues such as cotton seed trichomes as human 8 activity. But we do not understand how these tissues develop. Cotton (Gossypium spp.) fibers are 9 unicellular and single-celled seed trichomes of economic importance (1) and provide a special 10 single-cell functional genomics research platform (2, 3) for fundamental biological processes 11 such as organogenesis and cell wall development in plants (4, 5) . Fiber development initiates on 12 the day of anthesis (0 dpa) and 30-40% of primordial cells (6) on the ovule epidermis form 13 cuboidal outgrowths called fiber "initials" (7) . Unlike Arabidopsis leaf trichomes, fiber initials is 14 randomly distributed and follow no apparent pattern as fiber initials frequently form in adjacent 15 epidermal cells (8, 9) . Fiber initials rapidly elongate to produce highly tapered cells within 2-3 16 days of anthesis through a biased diffuse growth mechanism (10). 17 The initiation of single celled cotton cuboidal fiber cells is a biologically important and 18 complex process, but how the fiber initiate and how the genes involved are regulated remain 19 elusive. Zhang et al., (11) demonstrated by adding 30% H2O2 to in vitro cultured ovules of 20 XinFLM, a linted-fuzzless mutant, that the fiber initiation is partially rescued, but no evident 21 effect on N1, the dominant naked seed mutant from TM-1 genetic background. This implies the 22 H2O2 biosynthesis pathway may be defect and the signal transduction is still functional in 23 1 enzyme (NAPDH oxidase) and superoxide dismutase cooperatively generate a regulatory H2O2 2 to govern ingrowth wall formation, a transfer cell (13), using Visia Faba cotyledon culture. 3 Forman et al., (14) verified that ROS accumulates in growing wild type root hairs but 4 dramatically decreases in rhd2 short hair mutants and the generation of ROS is inhibited and 5 mimics rhd2 mutant and further showed (15) a RhoGTPase GDP dissociation inhibitor controls 6 spatial ROS production during root hair development. 7 To determine whether H2O2 is necessary for cotton fiber initiation, we firstly used SEM 8 to observe fiber initiation and development dynamics starting ovules at 2 days of pre-anthesis to 9 2 days of post-anthesis. In the dominant N1 mutant ( Fig. 1 ), no fiber initials are present on ovule 10 at anthesis and very rare fiber initials occur on the ovules at 2 days of post anthesis. The 11 recessive mutant n2 does not show significant change for fiber initials. The double mutants N1n2 12 generated by crossing N1 and n2 and selecting till 7 generation does not show any fiber initiation. 13 XZ142-fl, a lintless and fuzzless mutant originated from its wild type XZ142, also does not 14 produce any fibers. 15 In higher plants ROS can probably be produced by several alternative pathways (16) 16 including a cell-wall-localized peroxidase, amine oxidases and non-flavin NADPH oxidases, or 17 NADPH oxidases that resemble the flavin-containing type that is activated by Rac in leukocytes 18 (17). Simultaneously, a vast network of antioxidants is acting like ROS scavengers of H2O2 and To molecularly characterize the mechanism of fiber initiation, many researchers (25, 26) 11 proposed the mechanism similarity of cotton fiber development to Arabidopsis trichome and 12 study cotton fiber initiation by cloning cotton orthologos for Arabidopsis trichome development. 13 Three criteria were used to characterize whether the genes of interest relate to cotton fiber To verify the reasonability of the speculation, we roughly grouped the documented cotton fiber 22 development related genes into three groups (S-table 1) including ROS-related, fiber initiation-1 related and fiber elongation-related. 2 Transcript profiling for ROS-related genes including Ghmir398, with its two targets, 3 GhCSD1 and GhCSD2, GhAPX, GhRDL1 and GhRDL2, only GhRDL1 and GhRDL2 show 4 consistently lowest expression in the two lintless fuzzless mutants but significantly increase 5 expression starting 2 days of pre-anthisis and post-anthesis ( fig.1S ). The expression of these 6 genes helps maintain homoestatisis of H2O2, an important signal for cotton fiber initiation and 7 development. We grouped cotton orthologs based on homology to Arabidopsis leaf trichome 8 development into cotton fiber-initiation-related genes. We do not find specific correlation of 9 these group genes to the two lintless fuzzless mutants. Interestingly, all of these genes express in 10 the cotton expanded leaves which produce trichomes ( fig.2S ). This result suggests these genes 11 may be cotton leaf trichome orthologs but not cotton seed fiber genes. 13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34 20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45   1  2   Fig.1.   3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26   1  2  3   Fig. 2.   4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21   1  2   Fig.3.   3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32   Supplementary Materials   1  2  3 Materials and Methods 4 5 Figs. S1 to S3 6 7 Tables S1 8 We grouped the potential genes related to fiber development into three categories 9 including ROS-related, fiber initiation and elongation (Table-S1). 11 Ovules from TM1 and N1n2 at -2, -1, 0, 1 and 2 DPA were covered with freshly made 12 NBT (nitroblue tetrazolium) solution (in 0.1M potassium phosphate at pH7). Plates were left for 13 2.5 hrs at room temperature for the color to develop. Ovules were imaged under bright-field 14 illumination using an Olympus SZH10 Zoom Stereo Microscope. 15 H2O2 Measurement 16 To measure H2O2 concentration, ovules at different stages were ground in liquid 17 nitrogen, and 200 mg of ground tissues from each sample was added to 200 µL of 20 mM 18 sodium phosphate buffer (pH 6.5) and mixed well and centrifuged at 9500g for 10 min. at 4 0 C. 19 The supernatants were used for assay. H2O2 concentration was measured using an Amplex red 20 hydrogen peroxide/peroxidase assay kit (Molecular Probes: http://probes.invitrogen.com/).
Grouping and QRT-PCR Primers of Potential Genes Related to Fiber Development
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Imaging and ROS Staining for TM1 and N1n2 Ovules at -2DPA to 2DPA
22
In Vitro Ovule Culture and Treatment with H2O2 Inhibotr and Activator 1 Cotton ovules from TM1 plants were collected at 0 DPA, soaked in 70% ethanol for 1 2 min, rinsed in distilled and deionized water and placed in liquid media formulated by Beasley 3 and Ting (S8) in a 6-well plate under aseptic conditions. The ovules were cultured in vitro, as Table S1 . QRT-PCR primers for potential fiber initiation and development genes 23 24
